Analysis of GEONET observations covering the entire territory of Japan shows that the great Tohoku-oki earthquake that occurred on March 11, 2011 off the east coast of Honshu in Japan caused an eastward movement of the northern part of the island by as much as 5.3 m. The GPS data from TEONET in China were used to derive far-field coseismic displacements and to assess the impact of the Tohoku-oki earthquake on crustal deformation in eastern China. The results reveal that the coseismic horizontal displacements induced by the earthquake are the level of millimeters to centimeters in North and Northeast China, with a maximum of 35 mm. Strain analysis also indicates that the earthquake resulted in an increase in the tensile strain on the north-northeast trending faults in North and Northeast China. The tensile strain imposed on the Yilan-Yitong and Dunhua-Mishan faults is more significant than that imposed on the faults in North China; the maximum normal strain reaches about 40 nano-strain. Considering that the static Coulomb stress loaded on the faults is limited, its effect on the regional seismic activity may not be significant.
On March 11, 2011, a huge M w 9.0 earthquake occurred off the Pacific coast of northeastern Japan. The earthquake and the triggered tsunami caused massive destruction and huge numbers of casualties. According to the Japanese official statistics, as of April 4, the death toll exceeded 12000, more than 15000 people were reported missing, and the actual death toll was estimated to be over 27000. In northeastern Honshu, a large number of towns and villages located in the coastal area were swept out to the sea by the tsunami, and the four nuclear reactors of the Fukushima nuclear power plant were damaged and leaked radioactive contaminants into the air and water. The situation is still unfolding and it is difficult to evaluate its long-term effects.
The Japanese islands are located on the northwest rim of the Pacific Ocean, at the junction of the Pacific, North American, Philippine Sea and Eurasian plates. The earthquake occurred on the subduction zone between the Pacific and North American tectonic plates, in which the Pacific Plate moves westward at a rate of ~80 mm/a relative to the Eurasian Plate and eventually plunges underneath the North American Plate [1] . After the earthquake, many research institutions provided focal mechanism solutions, which all indicated that the earthquake occurred on the upper interface of the subducting slab, the rupture plane dipped to the west at an angle of 9°-14°, and the released seismic moment was about 3.6×10 22 Nm, equivalent to a M w 9.0 earthquake (Earthquake Research Institute, the University of Tokyo, http://www.eri.u-tokyo.ac.jp; United State Geological Survey (USGS), http://earthquake.usgs.gov; Harvard University, http://www.seismology.harvard.edu), making it the fourth largest earthquake recorded by seismic instrumentation over the last century. The aftershock distribution showed that the rupture plane was ~100 km wide and extended ~350 km in a north-south direction along strike (USGS, http://earthquake. usgs.gov; Japanese Meteorological Agency, http://www.jma. go.jp/en/quake). Seismic waveform inversion has revealed that the rupture started at 38.1°N, 142.8°E and ~26 km deep, followed by a two-way rupture propagation with the largest slip of ~25 m, but dominated by thrust slip (http://www.geol. tsukuba.ac.jp/~yagi-y/EQ/Tohoku/index-e.html).
Since most of the earthquake rupture is located under the sea, detection of the rupture process relies on tele-recorded measurements. In addition to data from global and regional seismic networks, Global Positioning System (GPS) observations from Japan and its neighboring regions on the Asian continent are particularly important. After the earthquake, the ARIA team from JPL and Caltech made a rapid analysis of the data from GPS Earth Observation Network (GEO NET) and produced a coseismic displacement field for the Japanese islands (ftp://sideshow.jpl.nasa.gov/pub/usrs/ ARIA/ARIA_coseismic_offsets.v0.3.table). The results show a considerable amount of eastward motion of northern Honshu and the horizontal displacement reached a maximum of ~5.3 m, with ~1.1 m of subsidence on the east coast. On the west coast of northern Honshu, ~0.7 m of horizontal displacement was found. The GPS displacement data were used to invert for the slip distribution of fault rupture and a maximum slip of ~21 m was obtained (http://earthquake.usgs. gov/earthquakes/world/japan/031111_M9.0prelim_geodetic_ slip.php), which is comparable to the result obtained from seismic waveform inversion.
The coseismic displacement field obtained from the GPS stations in Japan provides information about near-and intermediate-field deformation. However, how is the far-field coseismic deformation distributed? What is the scope of its impact? Are the regions of Northeast and North China affected? If the coseismic effect exists, in what form does it appear? How does it impact the tectonic stress field in the Chinese continent? Answers to the above questions will not only help to understand the seismogenic structure and spatial distribution of slip for the Tohoku-oki earthquake, but also are essential in assessing the effect on the earthquake potential in North and Northeast China.
The national key infrastructure project "Tectonic and Environmental Observation Network in China" (hereinafter referred to as TEONET) provides important data for far-field seismic displacement monitoring. Construction of TEONET was completed in 2010 and primarily incorporates GPS technology to monitor crustal deformation. TEONET includes 260 continuous GPS stations, covering the entire Chinese continent, and its facilities are currently under trial operation. We have analyzed the GPS data from TEONET to derive the crustal deformation field in eastern China caused by the Tohoku-oki earthquake.
GAMIT software [2] was used to process the GPS data observed between March 8 and 13, 2011, from nearly 100 International Global Navigation Satellite System Service (IGS) stations and nearly 80 TEONET stations. Data recorded in an 18-h window on March 11 in the postseismic time period (06:00-24:00 UTC time) were used. For the IGS stations in Japan, the postseismic epoch was deduced using only the data observed on March 11, 06:00-24:00 UTC time. The GPS kinematic displacement results presented by the ARIA team showed continuous westward motion for the GEONET stations in the epicentral region after the quake, reaching a maximum of ~0.4 m at a coastal site during the period of 5:55-14:00 UTC time on March 11 (ftp://sideshow.jpl.nasa.gov/pub/usrs/ARIA/ARIA_postseis-mic_offsets.v0.3.table). Therefore, the displacements of IGS stations in Japan derived from 18-h data collected after the main shock must contain significant postseismic deformation signals. However, postseismic deformation in Japan should not have a significant impact on our analysis of far-field coseismic displacements. In addition, including the IGS stations in our processing helps establish a unified and self-consistent reference frame, providing assurance of a reliable result. Figure 1 and Table 1 display the result of far-field coseismic displacements, from which it can be seen that the earthquake has induced significant coseismic horizontal displacements in Northeast China, North China, and the Korean Peninsula. A maximum displacement of ~35 mm in the south-southeast direction is observed near the triple border junction of China, Korea and Russia. The Korean Peninsula moved ~20 mm eastward. Displacements on the level of millimeters to centimeters in an east-west oriented direction are observed in the coastal area of North China; for example, 6-9 mm in Beijing and 8-9 mm in Tianjin respectively. Millimeter level displacements are detected in the coastal area of East China. The displacement field decays rapidly westward, and approaches zero in western China such as in Lanzhou, Chengdu and Kunming, and in northern Eurasia such as the region of Lake Baikal. The displacement vectors of IGS stations in Japan are similar to those given by the ARIA team. The overall deformation pattern agrees with that which was predicted by a thrust dislocation model in an elastic half-space [3] . The vertical coseismic displacements are too small to be detected.
Up to now, the coseismic slip distribution models of the Tohoku-oki earthquake have been all obtained from the inversion of seismic waveform data and/or GPS coseismic displacement data in Japan. Without constraints from farfield coseismic displacement data, how accurate would these models be? To answer this question, we used the farfield coseismic displacement data to test the slip distribution model by Wei et al. obtained from the inversion of GPS coseismic displacement and seismic waveform data (http:// www.tectonics.caltech.edu/slip_history/2011_taiheiyo-oki/# slip). Forward prediction of Wei et al.'s model shows that systematic bias at the centimeter level exist between the observed and predicted data in the northeastern region of China, at the border between China and Russia, although the model fits most of the coseismic displacements in eastern China well. While the cause of the bias will be studied in the future, the far-field coseismic displacement data will provide help in refining the earthquake rupture model.
Whether or not the Tohoku-oki earthquake would affect local seismic activity in Northeast and North China is of particular concern. Ji (http://bbs.sciencenet.cn) proposed that the Tan-Lu fault zone in eastern China and the JapanIzu-Bonin trench system belong to the same geological structure, and it is worth paying attention to the impact of the subduction of the Pacific Plate on the Tan-Lu fault zone. Previous studies considered that the westward subduction of the Pacific Plate caused deep-focused seismic activities in Northeast China, and further affected shallow seismic activities in Northeast and North China [4, 5] . Li et al. [6] analyzed the seismicity pattern of >M6 events in North China and >M7 events in the arc-trench region off Japan, and found that the uneven distributions of the two groups of earthquakes over time have a certain pattern of synchronization. We therefore performed a brief analysis on the Tohokuoki earthquake induced change in regional strain and possible seismic activity after the quake.
First, we derived the horizontal strain field by interpolating the GPS coseismic displacement field using the method of Shen et al. [7] . Figure 2 shows the horizontal principal strain components and reveals that the Tohoku-oki earthquake produced tensile strain on the north-northeast trending faults in North and Northeast China. The tensile strain imposed on the northern extensions of the Tan-Lu fault zone (also named as the Yilan-Yitong and Dunhua-Mishan faults) is relatively significant, with the maximum up to about 40 nano-strain. Assuming a shear modulus of 3.0× 10 10 Pa and the inner friction coefficient of 0.8 for the faults, and taking into account the change in the shear stress as well, we estimate that the maximum static Coulomb stress loaded by the coseismic deformation field would not exceed 0.002 MPa. The latest research showed that the Yilan-Yitong fault was tectonically active in Holocene and controlled the occurrence of small and moderate earthquake activities in Northeast China [8] . Therefore, the Tohoku-oki earthquake may have some minor effects on the seismic activity of the Yilan-Yitong fault, but little effect on other segments of the Tan-Lu fault zone and other faults in eastern China.
Our calculation also shows that Changbaishan volcano is located in a region of areal expansion caused by the Tohokuoki earthquake (Figure 2 ). This means that the earthquake might cause the opening of the magma channel of the volcano and thus assist ascension of the magma flow [9] . Therefore, the earthquake could cause an increase in the activity of Changbaishan [10] .
Second, we performed a statistical analysis on earthquake frequency from June 1, 2010 to March 31, 2011 in Northeast and North China (Figure 3) . The results reveal that in these two regions, seismic activities do not increase significantly within three weeks after the earthquake, which is different from increased seismic activities we observed in the Sichuan-Yunnan region after the 2004 Sumatra earthquake [11] . This also suggests that the effects of the Tohoku-oki earthquake on faults in Northeast and North China are limited.
It is worth mentioning that large earthquakes affect regional stress-strain field. This effect can last for years, decades, or even centuries as the results of afterslip on the fault plane and viscoelastic relaxation in the lower crust and upper mantle. Previous studies have shown that in some cases the seismic moment released by afterslip following large interplate earthquakes could even be comparable to that released by the coseismic rupture [12] [13] [14] . Thus viscoelastic relaxation in the lower crust and upper mantle could affect much wider regions. Therefore, to further understand tectonic loading processes and associated changes of earthquake potentials, in the next few years we need to monitor the temporal evolution of the stress-strain field caused by the Tohoku-oki earthquake by analyzing GPS data from TEONET. At the same time, it will be necessary to continue studying the triggering effect of the Tohoku-oki earthquake on the Changbaishan volcano, and closely monitor volcanic activity in the region to provide a basis for earthquake disaster mitigation in Northeast and North China.
After the Tohoku-oki earthquake, GPS observations from TEONET allowed us to immediately assess the change in crustal movement caused by the earthquake. Also, the observations make up an important and fundamental dataset for understanding earthquake rupture processes. Compared with GPS observations from episodic campaign surveys, continuous GPS observations are more efficient and more accurate for capturing coseismic and postseismic deformation fields and their temporal evolution. The completion and operation of TEONET enhances abilities to monitor crustal deformation, capture earthquake precursors, and gain insights into the entire spatiotemporal deformation field associated with tectonic and seismogenic processes.
